I. Using intracellular recording and voltage-clamp techniques, we examined the biophysical properties of a Ca2+-activated slow inward current and its physiological role in plateau potential generation in the dorsal gastric (DG) motor neuron of the stomatogastric ganglion in the crab, Cancer borealis.
2. As shown in the accompanying paper, a brief puff of serotonin @-IT) evoked a plateau potential in the DG neuron. Intracellular loading of the Ca2+ chelator ethylene glycol-bis (@uninoethyl ether) -N,N,N',N'-tetraacetic acid (EGTA) prevented 5-HT from evoking a plateau potential. On the contrary, rapid increase of intracellular Ca2' by photolysis of caged-Ca2+ (bound to DM-nitrophen) evoked a plateau response in DG bathed in normal saline.
3. Extracellular tetrodotoxin (TTX), tetraethylammonium (TEA), 4-aminopyridine (4-AP), and Cs + and intracellular iontophoresis of Cs' were used to block voltage-dependent ZNa, Ik, and Ih. Under these conditions we voltage clamped DG using two electrodes and isolated a long-lasting tail current after a short depolarization of the cell.
4. The reversal potential of the slow tail current was extrapolated to be -27 t 3.5 (SE) mV. Na+ substitutions with choline', tris (hydroxymethyl) aminomethane + (Tris ' ) or yt -methyl-glucamine + (NMG ' ) did not significantly affect the reversal potential or the amplitude. involvement in maintaining and regulating cell membrane excitabilty has been extensively studied (Hille 1992; Llinas 1988; Miller 1987; Tsien et al. 1988) . Several currents activated by increases in intracellular Ca*+ have been studied, including the Ca*' -activated potassium current [ ZKcCaj (Deitmer and Eckert 1985; Lancaster et al. 199 1; Pennefather et al. 1985) ], Ca*' -activated chloride current [ lcl(Ca) (Bader et al. 1987; Currie et al. 1995; Maricq and Korenbrot 1988; Mayer 1985; Miledi 1982; Ogura and Obara 1993; Owen et al. 1984 Owen et al. , 1986 ], and Ca*+-activated nonselective cation current [I CAN (Colquhoun et al. 198 1; Kramer and Zucker 1985; Partridge and Swandulla 1988; Swandulla and Lux 1985; Wilson and Kaczmarek 1994; Yellen 1982) ]. I CAN has been characterized as a long-lasting inward current that is carried nonselectively by cations. Activation of ZcAN after an influx of Ca*' results in a prolonged afterdepolarization (ADP) in neurons in which it has been studied (Kramer and Zucker 1985; Swandulla and Lux 1985; Thompson and Smith 1976) . In both invertebrate and vertebrate central neurons, &AN plays an important role in the generation of rhythmic bursting (Bal and McCormick 1993; Kramer and Zucker 1985; Swandulla and Lux 1985 ) .
5. The slow tail current was Ca2' dependent. It was reduced or abolished by the Ca2' channel blocker Co2', intracellular injection of EGTA, and by Ba2+ replacement of Ca2' as the charge carrier. The activation and deactivation of this current do not show an apparent dependence on voltage.
6. When the voltage-dependent Na', K+, and Ca2+ channels were blocked, a brief puff of caffeine evoked a slow depolarization. In voltage clamp, caffeine evoked a slow inward current with an apparent conductance increase. This current was reduced by intracellular EGTA. The current-voltage (I-V) relationship of the caffeine-evoked current was linear with a reversal potential of -25 t 4.8 mV. This was not statistically different from the reversal potential of the depolarization-evoked tail current. 7. 5-HT enhanced the depolarization-evoked slow tail current but had no effect on the caffeine-evoked slow inward current. 8. We conclude that the slow tail current is a Ca2' -activated nonselective current, similar to the Ca2+ -activated nonspecific cation currents described in other preparations. This current appears to play an important role in plateau generation and maintenance in DG. 5-HT has no direct effect on the properties of this current, but it indirectly enhances the current through an increase of voltage-dependent Ca2' current.
We have used current-and voltage-clamp techniques to study the ionic mechanisms by which serotonin (5-HT) induces plateau potentials in the dorsal gastric (DG) motor neuron in the stomatogastric ganglion (STG) of the crab, Cancer borealis (Katz et al. 1989; Katz and Harris-Warrick 1989, 1990; Kiehn and Harris-Warrick 1992a,b; Zhang et al. 1992; Zhang and Harris-Warrick 1994, 1995) . This is a complex mechanism involving simultaneous modulation of several currents. Kiehn and Harris-Warrick ( 1992a,b) showed that 5-HT enhances the hyperpolarization-activated slow inward current, &, and decreases a Ca*' -dependent outward current. In the preceding paper (Zhang and HarrisWarrick 1995), we demonstrated that in addition, 5-HT enhances a voltage-dependent Ca*+ current that is essential for plateau generation. In this paper we describe a Ca*' -activated, slow inward current similar to 1cAN using voltageclamp techniques. Our results indicate that 5-HT potentiates the influx of Ca*+, which in turn enhances the Ca*+-activated slow inward current. The dynamic interactions of these two currents form a strong regenerative current that is important for the maintenance of the plateau potential.
INTRODUCTION
Part of this work has appeared in abstract form (Zhang and Harris-Warrick 1994 Measurement of the Ca2+ -activated slow inward current Unless specified otherwise, all the voltage experiments were conducted in the presence of extracellular tetrodotoxin (TTX, 50-100 nM, Sigma), tetraethylammonium chloride (TEA, 20 r&I, Sigma), 4-aminopyridine (4-AP, 5 n&I, Sigma), and CsCl (Cs + , 5 n&I, Sigma) to block ZNa, k, Z and Zh, and of intracellular iontophoresed Cs + to enhance the blockade of residual potassium currents. The DG neuron was depolarized from the holding potential (Vh) at -50 mV to +lO or +20 mV (Vd) for 75-700 ms to activate the Ca2+ current and the Ca2+ -dependent currents. Because of its slow deactivation rate, the Ca2+-activated inward current was measured as a tail current at the end of the depolarizing step. The tail holding potential ( Vt) was held at -80 mV for 2 s. To study the voltage dependence of the deactivation and the reversal potential of the Ca2+ -activated inward current, Vt was increased in a series of lo-mV increments up to -45 mV.
Voltage-clamp data were filtered at 500-1,000 Hz before being acquired, digitized, stored, and analyzed on a PC-compatible computer with the use of the pCLAMP commercial software (Axon Instruments). The Ca2+ -activated slow inward current is shown as a net current after leak subtraction (p/n 4) (Bezanilla and Armstrong 1977) .
Under voltage clamp, 5-to lo-mV hyperpolarizing voltage steps were given at various holding potentials to monitor the input conductance.
Photolysis of caged Ca2+
Small volumes of caged Ca2+ (DM-nitrophen, Calbiochem, 30-40% loaded with Ca") were pressure-injected into the DG cell body (10 psi, 20-80 ms duration/s for 2-5 min). Fast Green was co-injected with DM-nitrophen as an indicator. The injected DMnitrophen was allowed to diffuse for least 30 min before photolysis with the use of a Xenon flashlamp system (Model JML-87).
Caffeine application
As an alternate method to raise intracellular Ca2+ ( To test whether elevated intracellular Ca*' is essential for 5-HT-evoked plateau potentials in DG, we injected the Ca*+ chelator EGTA to reduce the free Ca*+ activity (Chad et al. 1984; Hille 1992) . When the DG neuron was perfused with crab saline containing TTX ( 100 nM) , a brief puff of 5-HT (0.1 mM inside the puffer) over the STG neuropil evoked a plateau response in DG, accompanied by large, slow Ca*+ spikes and a slow afterhyperpolarization (sAHP; Fig. 1A ). Intracellular injections of EGTA (0.5 M inside the injection electrode) had little effect on the resting potential of DG. However, after injection of EGTA, the 5-HT-evoked regenerative plateau potential was abolished, leaving a long-lasting low-amplitude depolarization (n = 3; Fig. 1 B) . The long-lasting depolarization results from enhancement of & (Kiehn and Harris-Warrick 1992a,b) and reduction of a Ca*+-independent outward current by 5-HT (Zhang and Harris-Warrick, unpublished data). Intracellular EGTA dramatically slowed the rate of return to rest after the slow depolarization by blocking the sAHP that is at the end of the normal plateau. This is most easily explained by a reduction of the Ca*+ -dependent potassium current [ IK(caJ (Deitmer and Eckert 1985; Kostyuk and Krishtal 1977; Krnjevic et al. 1978; Lancaster et al. 1991; Yarom et al. 1985) and/or Ca*+ -dependent inactivation of Ca *+ current (Chad et al. 1984; Eckert and Tillotson 198 1; Tillotson 1979) . With the reduction of IK(ca) by Ca*' chelators, it was expected that the rate of the rising phase of the plateau would be enhanced rather than reduced (compare Fig. 1, A 
Zucker 1989). We injected Ca*' -loaded DM-nitrophen into the DG cell body, waited for it to diffuse throughout the cell, then liberated Ca*' with the use of a brief flash of ultraviolet light. In normal saline, a rapid increase in intracellular Ca*+ evoked a plateau potential (n = 2; Fig. 2 ). One would expect the rise of intracellular Ca*' to activate IKcCaJ, an outward current counterbalancing the Ca*+ -activated inward current. Therefore the induction of a plateau potential suggested that the net current was sufficiently positive to depolarize the membrane to threshold for activation of other voltage-dependent currents, such as ZNa and Ica. Consistent with the effect of intracellular EGTA, this result suggests that intracellular Ca *+ -activated inward currents are involved in the SHT-evoked plateau response in DG. We further isolated and characterized the Ca*' -activated slow inward current using voltage-clamp techniques. 3. Ca*+ and Ca*' -activated currents in the DG neuron. The DG neuron was superfused with TTX ( 100 nM), tetraethylammonium chloride (TEA; 20 n&I), Cs+ (5 mM), and 4-aminopyridine (4-AP; 5 mM) and was injected with Cs+ . A : the Ca*' current ( IearlY) and its dependent currents (I,,, and Iti,) were activated by a series of 37%ms depolarizing steps up to +25 mV from the holding potential of -50 mV before returning to the tail holding potential at -80 mV. Current-voltage (Z-V) curves for the activation of IearlY (n = 9) and Itail (n = 4) are shown in B, and of & (n = 4) in C. All currents were leak subtracted as described in METHODS.
Eflect of sudden increase of intracellular Ca2+ -14 -90 mV reduces a Ca*' -dependent inward current(s) that is important for plateau generation (Colquhoun et al. 198 1; Kramer and Zucker 1985; Yellen 1982 Characterization of the calcium-activated slow inward current
To analyze the Ca2' -activated currents under voltage clamp, we bathed the DG neuron in TTX, TEA, 4-AP, and Cs+ and injected Cs + intracellularly as described earlier. We then delivered a series of depolarizing steps between Vh of -50 and +25 mV, followed by a single step to -80 mV to measure the tail current. During the depolarizing steps, we detected an initial inward Ca*' current as well as a late current and a slowly decaying inward tail current upon return to -80 mV (Fig. 3A) . The current-voltage (Z-V) plots of these currents are shown in Fig.  3 , B and C. All currents showed apparent voltage dependence. In our preceding paper (Zhang and Harris-Warrick 1995)) we A Intracellular EGTA B Ba*+ substitution I 5 nA 75 msec characterized the early current as a voltage-dependent Ca2' current that detectablely activates at voltages above -45 mV, peaks at -15 mV, and reverses approximately at +45 mV. The late current at the end of the depolarizing steps was also activated at voltages above -45 mV (n = 8). It was inward from -45 mV to near -22 mV and then turned outward above -22 mV. The tail current measured at -80 mV progressively increased with each depolarizing prestep, peaked between + 15 and +25 mV, and then declined (n = 4). The late current, although contaminated with the slowly inactivating Ca*+ current, is believed to be the same as the tail current because of their similar reversal potential and dependence on Ca2', as described below.
REVERSAL POTENTIAL.
To measure the reversal potential of the tail current, the DG neuron was held at -50 mV and a short depolarizing step (Vd) to +20 mV was given to activate Ca2' influx and the Ca2' -activated currents. The peak slow inward tail current was measured at various tail holding potentials ( Vt ; Fig. 4A ). We obtained a linear I-V relationship for the peak tail current (n = 8; Fig. 4B ). The reversal potential averaged from eight experiments was extrapolated to be -27 2 3.5 mV.
cA2+ DEPENDENCE.
To study the dependence of the tail current on Ca2+ influx, we plotted the peak conductance of the tail current (averaged from 4 experiments) as a function of the normalized peak Ca2+ influx (Z/l,,, , averaged from 9 experiments) for different depolarizing steps (Fig. 5) . The peak conductance for the tail current was calculated with the use of its extrapolated reversal potential of -27 mV. This plot shows a linear, nearly 1: 1 correlation between the peak Ca2+ influx and the peak tail current conductance. This linear correlation suggests that opening of the tail current channels is fully governed by the influx of Ca*+ .
Further evidence that the tail current is Ca2+-activated was obtained by studying its sensitivity to intracellular Ca2' 6. Ca2+ dependence of the slow inward current. TTX, TEA, 4-AP, and Cs' were used to block other currents in all the experiements described here. A : intracellular injection of EGTA reduced the tail current after a sustained depolarizing step. Currents evoked by a 150-ms depolarizing step from -50 to +15 mV are shown here. In addition to the drugs mentioned above, Cs' was iontophoresed into the DG neuron to block residual Ik. Extracellular Ca2' concentration was doubled by isotonically reducing Mg2+ to enhance lca. B: Ba2' substitution for extracellular Ca2' blocked the tail current. The Ba2' current evoked by a 400-ms depolarization step from -65 to -10 mV is shown here. Compare A and B with Fig. 3 . C: the DG neuron was depolarized from -50 to + 10 mV for 450 ms and was followed by a single step to -90 mV. The tail current is shown as a slow inward component at -90 mV after the depolarizing step. Co 2+ ( 20 mM ) reversibly reduced the tail current. Cs' was injected into the DG neuron to block residual Ik . The extracellular Ca2' concentration was normal. All currents were leak subtracted as described in METHODS. chelators, to Ba2+ substitution for Ca2', and to the Ca2' channel blocker Co2' (Fig. 6 ). After iontophoresis of EGTA into the DG cell body to chelate free Ca2', a step depolarization to + 15 mV activated an inward Ca2' current but only weakly activated the late and slow tail currents (see arrow, n = 2; Fig. 6A , compare with Fig. 4A ). Ba2+ permeates Ca2' channels but is typically unable to activate Ca2' -dependent currents (Hille 1992). When we substituted Ba2+ for Ca2', we detected an inward Ba2+ current with little or no slow tail current when the cell was depolarized from -65 to -10 mV (see arrow; n = 5; Fig. 6B ). Finally, both the late and the tail currents measured at -90 mV after a brief depolarization to + 10 mV were greatly reduced by 20 mM Co2+ ( see arrows; n = 3; Fig. 6C ). The removal of co2+.
effect was reversible upon
We were also able to activate the slow Ca2' -activated inward current by a brief pressure application of caffeine over the STG neuropil to transiently increase Ca2' intracellularlly (Fig. 7) . In all our caffeine experiments, we added 20 mM Co 2+ to block voltage-dependent Ca 2+ conductances, in addition to blocking other conductances with extracellular TTX, TEA, 4-AP, and Cs' , and with intracellular iontophoresed Cs + . Under these conditions, a brief puff of caffeine (30-50 mM inside the puffer) triggered a depolarization in DG (Fig. 7A) . Under voltage clamp, caffeine evoked a slow inward current with an apparent conductance increase of 30 t 4% (mean t SE, n = 44 steps from 7 experiments; Fig. 7B ). This slow inward current was reduced by intracellular injection of the Ca2' chelator EGTA (n = 3; Fig. 7B ). This indicates that the caffeine-activated slow inward current is mediated by elevated intracellular free Ca2+. We used caffeine activation to study the intrinsic voltage dependence of the Ca2+-activated slow inward current. The DG neuron was held at varying potentials while caffeine was pressure ejected to activate the slow current (Fig. 8) . A linear I-V relationship was obtained, indicating that activation of the slow inward current is not intrinsically voltage dependent. The reversal potential of the caffeineevoked slow current is -25 t 4.8 mV (n = 7), which was not statistically different from that measured for the tail current activated by depolarizing steps (unpaired Student's t-test, P > 0.1) . It is reasonable to conclude that the caffeineactivated slow current is identical to that activated by depolarizing steps. ACTIVATION AND DEACTIVATION KINETICS.
The kinetics of activation of the Ca2' -activated slow inward current are complex, depending on both the rate of increase in intracellular Ca2+ and the intrinsic activation rate for channel opening. We measured activation by progressively increasing the duration of the depolarizing/activating step in 75-ms increments (Fig. 9A ). The normalized relationship between the step duration and tail current amplitude is shown in Fig. 9B  (n = 3) . The slow tail current was activated by a step as short as 75 ms, grew with increasing step duration, and tended to saturate at durations >500 ms. The 50% activation duration is estimated to be near 200 ms.
The deactivation of the Ca2+-activated slow inward current is expressed as a single exponential function of time with a time constant of 627 t 34 ms (n = 35 steps from 6 cells). The time constants for deactivation at various tail holding voltages are not significantly different (P > 0.5, ANOVA test, data not shown), suggesting that deactivation, like activation, is independent of voltage.
IONIC SELECTIVITY.
The reversal potential of the tail current suggests that it is a mixed, nonselective current. To test the cation selectivity, we substituted Na+ or K' with choline, tris (hydroxymethyl) aminomethane (Tris) , and n-methylglucamine (NMG). Replacement of Na+ with these cations did not significantly affect either the reversal potential or the amplitude of the tail current (n = 3 for choline and Tris, and 4 for NMG; Fig. 10 ). This suggests that the tail current is carried nonselectively by these cations, and that Na' , choline, Tris, and NMG have similar permeability. When we replaced K+ with any of these cations, we were unable to maintain a stable voltage clamp due to uncontrolled cell oscillations. Therefore we could not determine the possible involvement of K+ in this current.
An alternative hypothesis for the failure to shift the reversal potential upon cation substitution for Na' is that the current is carried by Cl -, that is, that it is &ca). However, several lines of evidence argue against the involvement of I Cl(Ca) l First, the reversal potential for glutamate-activated Cl-conductance in the STG neurons is estimated to be more negative, typically close to the resting potential near -60 mV and far more hyperpolarized than the reversal potential Experimential conditions are the same as those used in Fig. 7. for the Ca*+ -activated slow inward current (Marder and Paupardin-Tritsch 1978) . Marder and Paupardin-Tritsch ( 1978) had great difficulty in altering the equilibrium potential for Cl-during Cl-substitution experiments, largely due to the high resting Cl-conductance and rapid reequilibration of Cl -across the cell membrane. We had similar experiences in our Cl-substitution experiments and observed a decrease of the Ca*+ -activated slow inward current but no change in reversal potential (not shown). Finally, the selective ZcIcCa) blocker niflumic acid (0.1 mM) (Currie et al. 1995 ) had no detectable effect on the Ca*+ -activated slow inward current in DG (not shown). Thus we tentatively conclude from these experiments that the Ca*' -activated slow inward current in the crab DG neuron is not Icl<ca), but similar to IcAN. It remains possible that this current flows through a heterogeneous group of channels (cation, anion, or both). At any rate, the issue of ion selectivity cannot be easily resolved until more refined techniques (e.g., single channels recordings) are applied.
5-HT modulation of the slow inward tail current
We previously showed that 5-HT modulates a voltagedependent Ca *+ current that is essential for plateau generation in the DG neuron (Zhang and Harris-Warrick 1995) . This suggested that 5HT should also enhance the amplitude of the Ca*' -activated slow inward current. To test this, the DG neuron was superperfused with the crab saline containing TTX, TEA, 4-AP, and Cs' and was intracellularly injected with Cs' . A brief puff of 5-HT ( l-4 s, 0.1 mM inside the electrode, l-2 s before the depolarizing step) reversibly increased the amplitude of the tail current (Fig.  11) . The average increase of the tail current by 5-HT was 34 2 1170 (n = 3; P < 0.05). Although this showed that 5-HT enhances the amplitude of the slow inward current, it is not clear whether this enhancement is direct or indirect Z-V relations of depolarization-evoked slow inward tail current measured at -80 mV in 100% Na+ (n = 8)) 95% n -methyl-glucamine (NMG; n = 4)) 95% tris (hydroxymethyl) aminomethane (Tris; n = 3)) and 70% choline (n = 3 ) are shown here. None of these cations significantly affected either the amplitude or the reversal potential of the slow inward current.
(i.e., a consequence of enhanced Ca2+ current). To test a possible direct effect of 5-HT on the Ca2+-activated slow inward current, we activated the slow inward current with a brief puff of caffeine while extracellular Ca2+ entry was blocked with 20 mM Co2+. As seen in Fig. 12A , a brief puff of caffeine (30 mM inside the puffer) evoked a slow inward current at the holding potential of -60 mV. 5HT (0.1 mM inside the electrode), pressure applied l-3 s before the application of caffeine, did not change the caffeine-activated current. The net current change evoked by 5-HT application was -0.1 t 1.3% (n = 3; P > 0.1). This suggests that the enhancement of the Ca2+-activated slow inward current by 5-HT is indirect, arising secondarily from the increase of Ca2+ influx through voltage-dependent Ca2' channels (Zhang and Harris-Warrick 1995) . plateau generation in the DG neuron of the crab STG (Figs. 1 and 2). This current was further characterized by voltageclamp studies. Several experimental manipulations confirmed that the slow inward current is activated by intracellular Ca2+. First, the conductance of this current correlated linearly with the influx of Ca2' current (Fig. 5) . Second, the Ca2' channel blocker Co 2+ eliminated both the early inward Ca2+ current and the late and slow inward tail currents (Fig. 6) . Third, the slow inward tail current was greatly reduced or abolished after Ba2' substitution for extracellular Ca2+ (Fig. 6) . Fourth, intracellular injection of the Ca2+ chelator EGTA reduced the slow inward tail current (Fig.  6 ). Finally, caffeine, which is known to evoke Ca2' release from intracellular stores in many cell types (Amundson and Clapham 1993; Friel and Tsien 1992; Furuichi et al. 1994; Llano et al. 1994; McPherson et al. 199 1 ) , evoked a slow depolarization and a slow inward current with the same reversal potential as the depolarization-evoked slow tail current. This slow current appears to result from a caffeineinduced rise of free intracellular Ca2+, rather than a direct effect on the membrane as suggested by Hermann ( 198 1) in pyloric motor neurons of crab and crayfish STGs, because it is reduced by intracellularly injected EGTA (Fig. 7) . This provides further evidence that the slow inward current in the DG motor neuron is activated by intracellular Ca2'.
The Ca*+-activated slow inward current in the crab DG neuron shares a number of properties with a Ca2' -activated nonselective cation current, IcAN, reported in other neurons. IcAN is found in a wide range of cells, including cardiac and skeletal muscles, epithelial cells, Xenopus oocytes, Schwann cells, neurosecretory cells, and neurons (see review by Partridge and Swandulla 1988). Our current was not affected by a variety of ion channel blockers, including TTX, TEA, Cs + , 4-AP, and Co2'. Most CAN channels examined are resistant to these drugs at the concentrations required to block sodium, calcium, and potassium currents.
Our voltage-clamp results show that the reversal potential of the Ca2+ -activated inward current is -27 mV when activated by depolarization, and -25 mV when elicited by caffeine (Figs. 4 and 8) . These values are not significantly different and are similar to the reversal potentials of IraN measured in the bursting neurons of Helix ( -20 mV) and Aplysia (-22 mV) (Kramer and Zucker 1985; Swandulla and Lux 1985) . In these neurons, IcAN is carried nonselectively by monovalent cations, including Na+ and K + , and is not affected by Na+ substitution with choline, Tris, TEA, or Cs' (Kramer and Zucker 1985; Swandulla and Lux 1985) . In the crab DG neuron, the Ca*' -activated slow inward current was also unaffected by Na+ substitutions by choline, Tris, and NMG (Fig. 10) . We have considered and rejected the possibility of Cl-as a charge carrier for the following reasons. First, the estimated Cl-equilibrium potential in crab STG neurons (approximately -58 mV) (Marder and Paupardin-Tritsch 1978) is far more negative than the reversal potential for the Ca*' -activated slow inward current. Second, our ion substitution experiments showed that reduced extracellular Cl-reduced the amplitude but did not affect the reversal potential of the Ca*+-activated slow inward current. Finally, niflumic acid did not block the Ca*+-activated slow inward current in DG. These experiments show that the Ca*' -activated slow inward current in the crab DG neuron is not Zcl(Ca). However, we cannot exclude the possibility that the Ca*+-activated slow inward current in the crab is a heterogenous product of several channels.
Except in Schwann cells, IcAN has a very slow, singleexponential rate of deactivation with a time constant ranging from 100 to 930 ms (Partridge and Swandulla 1988). We showed that the DG Ca*+ -activated slow inward current in the DG neuron deactivates slowly with a time constant of 626 ms. This time constant falls into the range of other neurons, including Helix bursting neurons (Swandulla and Lux 1985) and Aplysia bursting neurons (Kramer and Zucker 1985 ) .
Greater variations are found in different preparations for the voltage dependence of activation and deactivation of &N. The crab Ca*+ -activated slow inward current is similar to most IcANs in that activation and deactivation is independent of voltage and depends entirely on intracellular Ca*' (Partridge and Swandulla 1988) (Figs. 4-9) . However, in some cells I CAN does show an additional voltage dependence (Partridge and Swandulla 1988; Swandulla and Lux 1985) . For example, the deactivation of 1cAN in Helix neurons is voltage dependent; the rate of decay increases linearly with increasing depolarization ( Swandulla and Lux 1985 ) . Recently, Wilson and Kaczmarek ( 1994) found that the activation Of ICAN, which helps sustain the long-lasting afterdischarge in Aplysia bag cells, shows a pronounced dependence on voltage.
5-HT only indirectly modulates the Ca2+-activated slow inward current 5-HT enhances the Ca*' -activated slow inward current, and this prolongs the duration of DG plateau potentials. However, this modulatory effect of 5-HT appears to be indirect, because 5-HT has no effect on the caffeine-evoked slow inward current (Figs. 12 and 13) . We showed previously (Zhang and Harris-Warrick 1995) that 5-HT enhances a voltage-dependent Ca*+ current in the DG neuron, and it is presumably the consequent elevation of intracellular Ca*' that increases the Ca*' -activated slow inward current during 5-HT application. In HeZix bursting neurons, 5-HT inhibits 1cAN through a CAMP-dependent phosphorylation mechanism, turning rhythmic bursting neurons into tonically firing neurons (Partridge et al. 1990) . Recently, Wilson and Kaczmarek ( 1994) showed that the activity mode (bursting or high-activity) of I CAN in Aplysia bag cells is regulated by a protein kinase A-regulated tyrosine phosphatase.
Physiological role of the Ca2+-activated slow inward current in DG plateau potentials Studies in both invertebrate and vertebrate preprations have shown that the interaction of the voltage-dependent Ca*' current and I cAN can create a prolonged regenerative inward current to hold the cell depolarized and firing tonically during oscillatory bursting (Bal and McCormick 1993; Kramer and Zucker 1985; Swandulla and Lux 1985; Thompson and Smith 1976) . In Aplysia bag cells, a voltage-dependent &N contributes to the long-lasting afterdischarge (or plateau) (Wilson and Kaczmarek 1994) . Consistent with these results, we propose that the Ca*+-activated slow inward current is important for generation and maintenance of plateau potentials in the DG neuron. This current is increasingly activated by the entry of Ca*' during each spike in the train. As a consequence, the slow current plays a major role in maintaining the depolarized state underlying the train of spikes that constitute the plateau potential. 
